Human T-cell lymphotropic virus type 1 (HTLV-1) is endemic in some regions and its vertical transmission occurs mainly through breastfeeding. About 10% of carriers develop associated diseases including HTLV-1 associated myelopathy/tropical spastic paraparesis (HAM/TSP), adult T-cell leukemia/lymphoma (ATL) and infectious dermatitis associated with HTLV-1 (IDH). We searched for available case reports of earlyonset HAM/TSP and ATL to evaluate demographic and disease aspects in infantile-juvenile patients. In the reviewed literature, 27 HAM/TSP and 31 ATL cases were found. In almost all of them, the most likely route of transmission was through breastfeeding. ATL is rarely reported, notwithstanding it may be underestimated because T-cell lymphomas are not investigated for HTLV-1 infection in this age group. IDH was frequently associated with HAM/TSP. The investigation of HTLV-1 infection in pregnant women is an important matter of public health and should be mandatory in endemic countries.
some diseases, including the HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP), adult T-cell leukemia/lymphoma (ATL) and infective dermatitis associated with HTLV-1 (IDH). Contrary to HAM/TSP and ATL, IDH usually occurs in childhood [1] . Besides IDH, other HTLV-1-related diseases may have a very early onset, occurring in childhood and puberty [2, 3] .
HAM/TSP is a chronic myelopathy characterized by slow progressing spastic paraparesis, severe sphincter disturbances and mild sensorial involvement [3] . Most frequent symptoms are fatigue during exercise, autonomic hyperreflexia, clonus, muscle weakness, lumbago, cramps, numbness and/or pricking and plantar dysesthetic sensations [3, 4] . This condition affect females more frequently, and the average age of diagnosis is 40 years [5] . It is usually inferred to result from infections acquired during adulthood via sexual contact or blood transfusion [6, 7] .
ATL is generally known to be a disease with dismal prognosis occurring in individuals infected by vertical transmission [1] . Owing to the long period of latency of the virus, ATL begins in adulthood. The mean age of onset is around 57 years [8] . ATL was classified by Shimoyama (1991) [8] in four types: smoldering, chronic, lymphoma and acute; the first two show better prognosis.
Our objective was to verify, by searching the literature, the number of reported cases of early-onset HAM/TSP and ATL to evaluate the real importance of investigating these diseases in patients < 19 years of age. Furthermore, we intend to evaluate demographic and disease aspects of HAM/TSP and ATL in this age group.
M E T H O D S

Search strategy
Boolean operators and wildcards were applied to search in PubMed, SciELO and LILACS by the use of the term "HTLV" combined with (leukemia OR lymphoma) AND (child* OR teen* OR adolescen* OR young OR youth OR juvenile OR pediatric* OR paediatric* OR infan* OR girl OR boy), for search on ATL. And for HAM/TSP, we substituted the term (leukemia OR lymphoma) with (myelopathy OR paraparesis). The search was limited to articles published in English, Spanish, Portuguese or French from 1982 to September 2016. Citations from identified articles were also scrutinized to get references of interest. Articles eventually obtained in review papers and in book chapters about this subject were also included.
Inclusion and exclusion criteria
We included case reports about ATL and/or HAM/ TSP in childhood and adolescence, younger than 19 years old, according to the World Health Organization [9] , which data included, at least, place of origin, gender and age and with a positive serology for HTLV-1, even without confirmation. Cases without serology or with negative HTLV-1 serology without confirmation of infection by molecular biology were excluded.
Data extraction
The following data were extracted by two independent reviewers (A.K. and A.L.) in each publication: place of diagnosis and origin, gender, age, ethnicity, duration of disease, probable means of transmission, association between HAM/TSP and ATL or between these diseases and IDH, clinical form of HAM/TSP and ATL and survival in years in ATL cases. Duration of disease was considered from onset of symptomatology to diagnosis. We have only considered the ATL clinical types referred to by the authors even if the clinical data were apparently sufficient for clinical diagnosis. We carefully checked the publications including the same authors to avoid duplicate cases.
Despite following a systematic search on available databases and describing how the references were selected, we could not name this study as a systematic review because the papers were mainly case reports and case series with no specific outcome. No intervention or observational studies were included. We also could not formally assess the risk of bias or perform a meta-analysis; instead, the data were arranged in tables and some data could be summarized and discussed in the text.
HAM/TSP
A total of 108 papers were found in PubMed, 15 in SciELO and 13 in LILACS. After scrutinization, removing the duplicates and applying inclusion and exclusion criteria, 16 publications were selected, referring to 27 cases (Table 1) [3, 4, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Twenty-two described in South America, one in the Caribbean, two in Africa and two in Asia. The ages at diagnosis varied from 3 to 18 years. Two patients who were 19 and 20 years old were included because the onset of the disease occurred at 10 and 11 years of age, respectively. One patient, whose mother also had HAM/TSP, was symptomatic from birth. Females were more affected than males (2.8/1). The majority of patients were African descents. In only two patients, there was no confirmation of HTLV-1 serology. In no case, there was any reference to HIV infection.
Among the 24 patients with available data, only one has been probably infected through blood transfusion. The duration of disease varied from 0.25 to 10 years. Simultaneous association with IDH was observed in 13 (48%) patients and one had a history of previous IDH and another developed IDH in adult life. Association with ATL was registered in one (3.7%) patient. In only eight HAM/TSP patients, the cerebrospinal fluid was not examined, hence they were considered as probable HAM/TSP, according to the criteria of Osame et al. (1990) [24] . Infrequent neurological associations were cerebellar syndrome, peripheral neuropathy and cognitive disturbances. The mothers of six HAM/TSP patients also had myelopathy. Three pairs of patients were siblings [3, 16] . Curiously, one patient presented total spontaneous remission of symptoms [11] .
ATL
A total of 234 papers were found in PubMed, 18 in SciELO and 14 in LILACS. After scrutinization, removing the duplicates and applying inclusion and exclusion criteria, 24 articles were selected (Table 2) [2, 12, . Sixteen of them were from South America, seven from North America, two from the Caribbean, two from Africa, two from Europe and two from Asia. The age at diagnosis varied from 2 to 18 years. One patient who was 19 years old was included in this study because the onset of ATL occurred at 18 years of age. The rate of male/female was 1/1.2. The majority of patients were African descents. Only one case had no confirmation of HTLV-1 serology. In no patient, there was a reference to HIV infection. Search for HTLV-1 proviral integration was performed in 14 cases, being detected mono-or oligoclonality. In the majority of the 21 patients with available data, the infection probably occurred through breastfeeding. Three children received blood transfusions, but their mothers were not available for serologic testing. Duration of disease varied from 0.5 to 168 months. The clinical classification of ATL was available in only 16 patients. Among them, eight had acute ATL, four chronic, three smoldering and one lymphoma. Association with IDH was found in five (16.1%) cases and with myelopathy in two (6.4%). The patients were submitted to the following treatments: chemotherapy, radiotherapy, zidovudine (AZT) plus interferon alfa (IFN-a), association of chemotherapy and antivirals or phototherapy. Only 11 of the 30 patients with known follow-up were alive at the time of publication. The follow-up duration varied between 0.1 to 15 years. Those with longer survival were the smoldering and chronic types, but an acute ATL patient was alive with complete response in the last followup examination.
D I S C U S S I O N
Although seroprevalence of HTLV-1 is significantly lower in children and adolescents than in adults [48, 49] , diseases caused by HTLV-1 can be observed in those age groups, albeit in lower frequency [2-4, 10-23, 25-46] . The possibility of occurrence of HAM/TSP in this age group is not frequently referred in the literature [1, 6, 7] .
In spite of few case numbers found in the literature, there are papers referring to a relatively high frequency of HAM/TSP in childhood and puberty. In Kagoshima, Japan, the disease started before 15 years of age in 10% of the HAM/TSP patients [50] . Early onset of myelopathy was also observed in Lisala, Africa, where one-third of patients develop HAM/TSP before 20 years of age, four of them presenting early onset at 7, 8 and 9 years of age [51] . As Table 1 . Published cases of myelopathy associated with HTLV-1 (HAM/TSP) in childhood and puberty 
(Continued)
Early onset of HAM/TSP and ATL 155 seen in the present review, the myelopathy can be diagnosed as early as at three years of age [20] . A great number of patients with infantile-juvenile HAM/TSP were described in South America, mainly in Brazil, in relation to other equally endemic countries. There was a female predominance as seen in adult patients [4] . A predominance of African descents among patients with HAM/TSP and ATL is always found in Western countries. Familiar clustering, as previously described [16, 52] , has been observed in four publications, HAM/TSP occurring simultaneously in siblings or in mother and child [3, 16, 18, 20] . In Bahia, Brazil, clustering of HAM/TSP and IDH has been described in 14 families in two generations and all mothers had HAM/TSP. Interestingly, 12 of them had one or two children with myelopathy [52] .
In general, the literature refers to patients with HAM/TSP getting infected in adulthood through blood transfusion or via sexual relations [4, 6] . Notwithstanding, in Japan, in 1987, vertical transmission had already been considered as another mean of infection in patients with HAM/TSP through observation of six patients less than 15 years of age, without history of blood transfusion [53] . It has been demonstrated that HAM/TSP patients in childhood and puberty generally acquired infection vertically as a result of a prolonged breastfeeding [3, 4] .
In the current review, we show that, except for one HAM/TSP patient who received blood transfusion, all the others with known data were breastfed. In one case, the transmission was vertical but not through breastfeeding because the child presented symptomatology since birth [20] .
Spontaneous remission of symptoms observed in one case [11] has also been reported in the disease with late onset, indicating that HAM/TSP may not always present with a progressive course [54] .
Association of HAM/TSP with IDH was frequently observed, mainly in Brazil [3, 4, 12, 14, 19] . In Bahia, Brazil, 17 (47.2%) cases of HAM/TSP had been diagnosed among 42 cases of IDH, 14 of definite and three of possible HAM/TSP [55] . Sequential development of IDH, HAM/TSP and ATL was reported in one case [12] . On the other hand, in Rio de Janeiro, Brazil, of five adolescents with HAM/ TSP, four also had IDH [4] . In this respect, there appears to be a greater difference between IDH in Brazil than that in Jamaica, a country where there is a great number of published IDH cases and only rare associated with HAM/TSP [56] . The similarities in the immunological response of both diseases that also present high proviral load provide support for considering IDH as a risk factor for development of HAM/TSP [57] . Despite the fact that ATL is associated with acquired vertical infection [1] , this disease is rarely reported during childhood and puberty. It is generally considered to develop after a long period of incubation and the age of onset is, on average, 57 years in Japan and 49 years in Brazil [8, 58] . Notwithstanding, ATL can appear very early. Eight of the 31 cases seen in this review refer to patients less than 10 years of age [2, 26, 35, 38, 43, 46] .
Half of the early-onset ATL cases were diagnosed in Brazil, mainly in Rio de Janeiro, and six in the USA, where the HTLV-1 infection is not endemic. On the other hand, only two infantile-juvenile cases were reported in Japan, where there are highly endemic regions [1] . However, the description of seven cases in the USA, where ATL is not endemic, must correspond to a better knowledge of this entity when compared to endemic countries in South America, where only one case was registered outside Brazil [31] .
It is interesting to observe that eight cases were described in an oncologic center in Rio de Janeiro, Brazil, up to 2002 [2] and no other case was reported in this state after that. Five cases have already been described in Bahia, where there is an ATL research center [12, [25] [26] [27] 30] . In 2010, in a center of histopathological diagnosis, in Botucatu, São Paulo, Brazil, two cases of ATL were found among 93 (2.1%) T-cell lymphomas diagnosed in children and adolescents between January 1999 and December 2009 [59] . We should emphasize that HTLV-1 serology was not performed in the other T-cell lymphomas, indicating that probably other cases of ATL could have been detected in this series of cases. The number of cases could be higher if pediatricians investigated HTLV-1 infection in all cases of mature T-cell lymphomas in children and teenagers.
Of the 31 cases of ATL found in the literature, only 11 were alive at the time of publication, indicating the aggressiveness of this type of leukemia/lymphoma. In only six of them, the clinical type of ATL was reported: three with the smoldering, two with the chronic and one with the acute form. The smoldering and chronic types are known to be the less-aggressive ATL types [58] . These smoldering patients had a survival time of 8, 10 and 15 years, respectively [12, 27, 43] . The first used chemotherapy and the second used phototherapy, both with complete response, and the third refused treatment and only used radiotherapy during few months, with partial response. The cause of death of the only deceased smoldering patient was disseminated and refractory strongyloidiasis [29] . The two patients alive with chronic ATL had survival of 5 and 12.5 years [33, 44] . The first used interferon-a (IFN-a) with partial remission and the other used chemotherapy and IFN-a. The only alive patient with acute ATL was treated with AZT and IFN-a with complete remission and a follow-up of 2.1 years [39] .
Infection transmission occurred mainly by the vertical way; however, in three patients diagnosed in the USA, there was a history of blood transfusions. Notwithstanding, the serologic status of the respective mothers was not investigated. In this country, the risk of acquiring HTLV-1 through blood transfusion is estimated to be 1 in 641,000 [40] .
In five (16%) ATL cases, an association with IDH was observed [19, 34, 38, 41, 45] . In ATL cases involving the skin, in Bahia, Brazil, 37% had a history of lesions similar to IDH in childhood [47] . Association of ATL with HAM/TSP was observed in two of the revised cases [12, 40] . This coincidence is considered very rare [60] ; however, 14% of the ATL cases in Bahia (Brazil) present this association [58] .
The number of ATL and HAM/TSP cases found is probably less than the number of diagnosed cases, as some may not have been published as case reports. For example, in Barbados and Jamaica, two series with 20 and 23 cases of ATL, respectively, were found, in which at least one of the cases was 14 years old [60, 61] . Up to 2002, in Rio de Janeiro, among 50 cases of ATL with confirmation of serology, eight (16%) occurred in children and adolescents [62] . After that, in this state, no case has been referred to this age group. Possibly early-onset cases of ATL are not being recognized in many countries probably because these cases are not pursued. Another possibility is that early-onset ATL is being underestimated owing to confusion with other nonHodgkin lymphomas (NHL) such as mycosis fungoides, Sézary syndrome or other types of T-cell NHL. It is well known that there are marked similarities between the clinical and histopathological features of ATL and other types of cutaneous T-cell lymphomas [58, 63] . Three patients of this review had initially the diagnosis of mycosis fungoides [15, 38] or Sézary syndrome [45] .
Proviral monoclonal or oligoclonal integration was identified in 14 cases, thus definitely indicating the relationship between the virus and the ATL [64] . However, the presence of integration was not a criterion for the inclusion of patients in this review. Analysis of proviral integration of the HTLV-1 should be included in the patient's evaluation whenever possible [64] . Besides, in endemic regions, seropositive individuals with mature T-cell lymphomas not related to HTLV1 are rarely found [64] , and in most cases, this analysis is not essential to the diagnosis [34] .
We made an effort toward finding the great majority of published early-onset ATL and HAM/TSP cases, but we are aware that cases in some nonindexed journals may not have been found.
As referred to in Japan and Africa, early development of HAM/TSP occurs at a frequency of 10 and 30%, respectively [50, 51] . This frequency in childhood and puberty should indicate the importance of considering HAM/TSP in the differential diagnosis of myelopathies in this age group. Besides, it should be recommended that children and adolescents with mature T-cell leukemia/lymphomas be submitted to serology for HTLV-1, mainly the cases with a histological pattern of non-anaplastic T-cell lymphomas. It is important to differentiate T-cell leukemias/ lymphomas not related to HTLV-1 from ATL because the prognosis and treatment of these diseases are different [63] . Nevertheless, there are reviews about peripheral T-cell lymphomas in children and adolescents in which serology for HTLV-1 is not considered [65] [66] [67] . The non-anaplastic T-cell lymphomas are very rare at this stage of life [65, 66] ; therefore, the systematic realization of serologic study in these lymphomas does not imply in great expenses to public agencies. These diseases severely hinder the patients' quality of life. As they can happen very early in life, they have a heavy toll on the biopsychosocial development of affected children and teenagers. It is important that doctors providing care to children and teenagers are more aware of the HTLV-1 infection and the diseases it causes, especially in endemic countries.
Prevention of these diseases, caused by the vertical transmission, mainly by breastfeeding, could be done by identifying seropositive mothers during the prenatal care. However, this initiative would have to be done by the public health care institutions, as discouraging breastfeeding requires the provision of adequate conditions for mother and child as well as supplementary nourishment for the child. However, serologic screening in pregnant women is not required as a public health policy even in endemic countries such as Brazil [68] .
Thus, this is a discussion that should reach doctors providing care to pregnant women, children and teenagers both in endemic and non-endemic areas that are subject to intense population migrations to offer a better care for people with these so-called neglected diseases.
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